Introduction. The cesarean rates are low but increasing in most Nordic countries. Using the Robson classification, we analyzed which obstetric groups have contributed to the changes in the cesarean rates. Material and methods. Retrospective population-based registry study including all deliveries (3 398 586) between 2000 and 2011 in Denmark, Finland, Iceland, Norway and Sweden. The Robson group distribution, cesarean rate and contribution of each Robson group were analyzed nationally for four 3-year time periods. For each country, we analyzed which groups contributed to the change in the total cesarean rate. Results. Between the first and the last time period studied, the total cesarean rates increased in Denmark (16.4 to 20.7%), Norway (14.4 to 16.5%) and Sweden (15.5 to 17.1%), but towards the end of our study, the cesarean rates stabilized or even decreased. The increase was explained mainly by increases in the absolute contribution from R5 (women with previous cesarean) and R2a (induced labor on nulliparous). In Finland, the cesarean rate decreased slightly (16.5 to 16.2%) mainly due to decrease among R5 and R6-R7 (breech presentation, nulliparous/multiparous). In Iceland, the cesarean rate decreased in all parturient groups (17.6 to 15.3%), most essentially among nulliparous women despite the increased induction rates. Conclusions. The increased total cesarean rates in the Nordic countries are explained by increased cesarean rates among nulliparous women, and by an increased percentage of women with previous cesarean. Meanwhile, induction rates on nulliparous increased significantly, but the impact on the total cesarean rate was unclear. The Robson classification facilitates benchmarking and targeting efforts for lowering the cesarean rates.
Introduction
The Nordic countries have sustained their low cesarean section (CS) rates, around 17% in 2014, whereas in the rest of the developed world, the CS rates have nearly doubled since 1990 (from 14.5 to 27.2%) (1) (2) (3) . The low CS rates in the Nordic countries combined with good perinatal outcomes (1, 4) , enforce the high quality of the local obstetric care making the region an intriguing territory for a comprehensive study on CS rates.
Already in 1985, the World Health Organization (WHO) stated that CS rate should not exceed 15% in any population (5) . Thirty years later, in 2015, the WHO statement on CS rates concluded that striving to an ideal CS rate is secondary to providing CS to women in need (6) . In the developed world, where CS is widely available, the focus should be on limiting its use to those women that benefit from the intervention. The Robson classification (7) is a suggested tool to stratify the CS rates in a manner that would be useful both for monitoring CS rates and for reducing them, when considered necessary (8) (9) (10) (11) (12) (13) . The system is based on a few simple obstetric parameters: parity, previous CS, gestational age, onset of labor, fetal presentation and number of fetuses, and it is regarded as easy to implement (13) .
We have used the Robson classification to study the CS rates in the five Nordic countries: Denmark, Finland, Iceland, Norway, and Sweden. All the Nordic countries have a relatively small population from 326 000 to 9 648 000, they are demographically homogeneous, and share similar healthcare systems (14) . The approach to birth is less medicalized in the Nordic countries than in most of the developed world. The lead professionals in low-risk births are trained midwives instead of obstetricians, who are called upon only when problems arise (15) . All Nordic countries have national medical registries, including high-quality medical birth registries, enabling large registry-based studies. The Nordic Robson Research (NoRR) collaboration, a joint effort behind this study, aims to exploit these registries in a novel fashion and construct a high-quality, population-based study on CS.
The aim of this paper is to provide a comprehensive overview of the changes in the CS rates in the Nordic countries between 2000 and 2011. The Robson classification system was used to produce figures that are comparable over time and between different countries. In our analysis, we aim to answer the following question: which subpopulations (Robson groups) have contributed to the change in the CS rate? More specifically, we aim to report how the changes in demographics (e.g. parity, number of women with previous CS) and in obstetric practices -both prelabor (induction and prelabor CS) and intralabor processes -have affected the total CS rate. The results may provide benchmarks for national and international forums to improve the quality of care.
Material and methods
All births in the Nordic countries between 2000 and 2011 are included in this study resulting in a total of 3 398 586 births: 757 257 (22%) from Denmark, 690 144 from Finland (20%), 52 607 (1.5%) from Iceland, 699 754 (20%) from Norway, and 1 198 824 (35%) from Sweden.
The parturient women were classified into Robson groups based on registry data from the national medical birth registries. The high quality of the data and the abundance of recorded variables enabled very accurate grouping: only 16 559 (0.5% of the total population) births were left uncategorized forming the Robson group "99" (R99), which is considered a useful parameter for auditing the quality (16) . Figure 1 describes the Robson groups (17) in a flow chart illustration. The purpose of the figure is to highlight the stepwise process of classification. The hierarchy in the group determinants is essential, and discarding the hierarchy will cause misclassification -a known hazard for Robson group studies (16) . The number of fetuses and fetal presentation are superior to gestational age (threshold 37 weeks). Therefore, the groups R6 to R9 contain all multiple pregnancies and all pregnancies with noncephalic presentations, also preterm as well as those with a previous CS. Respectively, the group 5 (R5) contains solely the women with a previous CS and a single, term, cephalic pregnancy (not breech, not preterm).
In the first analytic approach we merged the following Robson groups and provided their absolute contribution: R1-R2; single, cephalic, term nulliparous; R3-R4, single, cephalic, term multiparous (no previous CS); R5, previous CS and single, cephalic, term; R6-R7 breech presentation; R8-R10 (and R99) others (multiple, transverse fetal presentation and preterm pregnancies and uncategorized women). The first two, R1-R2 and R3-R4, form the most relevant population constituting exclusively women without a previous CS.
Key Message
The Robson classification enables efficient analysis of cesarean section trends. It highlighted the main contributors to the change in the total cesarean section rate and the simultaneous increase in the induction rates in nulliparous women in all Nordic countries. Subsequently, we studied the underlying changes in each individual Robson group. In the Results section we provide detailed information on the Robson groups contributing the most to the change in the CS rates. Data on all individual groups are displayed in the Supplementary material (Table S1 ).
The characteristics of the NoRR data set used in this paper are presented in Table 1 . The main outcome assessed in this study was the mode of delivery (CS/no CS). Other variables used were the Robson group (determined by the parameters presented in Table 1 ), maternal age at the time of delivery (5-year age groups) and the country and the year of delivery.
The coverage and accuracy of the national medical birth registries is close to 100% and with the cross-linkage between population registries and different national care registries, we may expect very few missing cases. The study includes all deliveries from any woman and hence all women are included in the study population as many times as they have given birth during the study period. There are no exclusion criteria for this study. 
Statistical analyses

Results
Between the first and the last time period studied, the total CS rate increased in Denmark [age-adjusted odds ratio (OR) 1.28, 95% CI 1.25-1.30], Norway (OR 1.08, 95% CI 1.07-1.10) and Sweden (OR 1.14, 95% CI 1.12-1.16). In Finland, there was a slight decrease (OR 0.97, 95% CI 0.96-0.99) and in Iceland a substantial decrease (OR 0.82, 95% CI 0.77-0.88) in the CS rate. Over the last two time periods there was a stabilizing, or even decreasing, trend in the total CS rates in all countries ( Figure 2 ).
The total CS rate and the contributions of the merged Robson groups to the total CS rate are presented for each time period and country in Figure 2 . The most important contributor to the total CS rate were R1-R2 (nulliparous women with a single, term cephalic pregnancy), followed by R5 (women with a previous CS and a single, term cephalic pregnancy) -also the most substantial changes over time took place within these Robson groups. In Denmark, Norway and Sweden, the increased contributions of R5 and R1-R2 accounted for approximately 83-88% of the total CS rate increase. In Iceland, the decreased contribution of R1-R2 accounted for about 25% of the decrease in the total CS rate.
It is noteworthy, that the contribution of R6-R7 (all breech) decreased significantly in Finland and Iceland, and this was due both to decreased CS rates among these groups and to decreased group sizes (data shown in the Supplementary material, Table S1 ). In Finland, the decreases among these Robson groups counterbalanced the increase in the absolute contribution of R1-R2 (nulliparous). 
Robson groups 1 and 2 (R1-R2): Nulliparous women with a single, term cephalic pregnancy
Between the first and the last time periods studied, the contribution of normal nulliparous women (R1-R2) decreased only in Iceland (Figure 2) . In all other countries, the combined contribution of nulliparous women increased. Table 2 shows the contributions of the individual Robson groups R1 (spontaneous onset of labor), R2a (induced labor) and R2b (prelabor CS) as well the underlying changes in their relative sizes and CS rates. Noteworthy is the steadily increasing contribution from R2a (induced labor) in all countries.
The combined relative size of R1-R2 reflects changes in parity ( Table 2) . That was shown to contribute very little to the change in the total contribution from R1-R2. Only in Finland and Norway, the increased proportion of nulliparous (relative size of R1-R2) explained a substantial part of the increase in the absolute contribution of nulliparous women (33 and 27% between the first and the last time periods). In Iceland, 16% of the decrease in the total contribution of R1-R2 was due to the decreased relative size of R1-R2.
The relative sizes of R1, R2a, and R2b within R1-R2 are exclusively dependent on obstetric practices and changes in them reflect changes in obstetric care (Table 2 ). Figure 3 illustrates the changes in relative size of R2a (induced labor) and the coinciding changes in the emergency CS and prelabor CS rates among R1-R2 as a whole. The relative size of R2a increased over time correlating with the increase in its contribution (correlation coefficient 0.85). The correlation to the combined contribution from R1 and R2a was moderate (correlation coefficient 0.46) -i.e. an increase in the proportion of induced births (R2a) was correlated, although not strongly, to an increase in the emergency CS rate among the nulliparous population (R1-R2). It is noteworthy, that at the end of the study, the CS rate for R1-R2 was lowest in Iceland, where the relative size of R2a was the highest. The relative size of R2b (prelabor CS) equals its contribution (CS rate 100%). It increased in Denmark and Sweden, where prelabor CS explained 63 and 44%, respectively, of the increase in the nulliparous contribution to the total CS rate. In contrast, in Finland and Norway, the increase in the total contribution from R1-R2 was explained entirely by the increase in the emergency CS rates. In Iceland, the contribution of R2b was steady, and substantially lower than in other Nordic countries. In Iceland, the low and steady prelabor CS rates were accompanied by decreasing emergency CS rates making Iceland the only country in our study where the total CS rate among nulliparous (R1-R2) women decreased (Figure 3 ).
Robson group 5 (R5): Women with a previous CS and a single, term cephalic pregnancy
The contribution of R5 increased significantly in Denmark (age adjusted OR 1.56, 95% CI 1.51-1.60), Norway (OR 1.36, 95% CI 1.31-1.41) and Sweden (OR 1.22, 95% CI 1.19-1.26). In Iceland, the age-adjusted increase was not statistically significant. Finland was the only country where the absolute contribution of R5 decreased, even though the change was statistically insignificant (Figure 2) .
The CS rate and the relative size of R5 are shown for all countries and time periods in Figure 4 .
The relative size of R5 increased in all countries. In Norway and Sweden, the proportion remained significantly lower than in other Nordic countries (7.9 and 8.2% vs. 10.1 and 10.8%). The increase in the group's size explained 55% of the increase in the group's contribution in Denmark, 52% in Norway, and 29% in Sweden. In Iceland, with a decrease in the CS rate of R5, all of the increase was due to the increase in the group's size. The decrease in the CS rate for R5 seen in Finland resulted in a stable contribution from the group.
Discussion
In Denmark, Norway and Sweden the CS rates increased between 2000-2002 and 2009-2011 . Most of the increase took place in the beginning of the study, whereas towards the end, the rates were stabilizing or even decreasing. Nearly all of the increase was due to increased contributions of R5 (women with previous CS) and R1-R2 (nulliparous with a single, term, cephalic pregnancy). In Finland, the contribution from R1-R2 increased, too, but the total CS rate decreased slightly, mainly due to decreased contributions from R6-R7 (breech). In Iceland, the total CS rate decreased substantially due to changes in all parturient groups, most significantly among R1-R2. Iceland implemented a CS monitoring program based on the Robson classification already in the year 2000 (10) . During our study period from 2000 to 2011, the total CS rate in Iceland decreased from the highest to the lowest among the Nordic countries. This sets a clear example of how significant positive results can be achieved by benchmarking and implementing a monitoring program -an association that needs further validation. In a small population like in Iceland (approx. 300 000 during the study period), the changes are likely to be seen more rapidly, but their experience suggests that also other, larger populations could experience similar results.
Approximately half of the increase in the contribution of R5 (women with a previous CS) in Denmark, Norway, and Sweden was explained by the increase in the group size (i.e. increased number of women with a previous CS) -the rest was due to the increased CS rates for R5. Interestingly, Norway and Sweden had a lower relative size of R5 than other Nordic countries. Within the Robson classification system we could not evaluate whether the changes in the CS rates for R5 were due to changes in the use prelabor or emergency CS. Despite the rather wide variance in the national CS rates for R5 (43-59%), all Nordic countries had a lower CS rate than seen in previous studies (61-80%) (12, (18) (19) (20) . Due to that, the absolute contributions of R5 in our study were only about half the average contribution of R5 reported for highly developed countries (12) .
Induction rates among women with a single, term, cephalic pregnancy increased in all Nordic countries, both for nulliparous and multiparous (relative size of R2a as well as R4a). We observed a moderate, but not a strong, correlation between the increased induction rates and the increased emergency CS rates among nulliparous women (CS rate within R1 and R2a combined). The prelabor CS rates (R2b) within R1-R2 did not correlate with the induction rates. Our data showed that the CS rates among nulliparous women increased mostly due to increased use of emergency CS.
The main strength of our study is the quality and quantity of the data used. Including 3.4 million births, 100% of all births from a 12-year period in Denmark, Finland, Iceland, Norway, and Sweden, our study population was substantially bigger than in most previous studies (12, 18, (20) (21) (22) (23) . The proportion of women left uncategorized due to missing data (R99) was very low compared with previous studies (0-1.8% vs. 1.9-3.6%) (9, 18, 20) . The other important quality parameter, the relative size of R9 (transverse presentation) was within the suggested limits 0.2-0.6% in all countries except Sweden (0.1%) (24) . In turn, the CS rate in R9 was not 100%, as it should be, in all countries (Denmark 95%, Finland 68% and Sweden 91%) indicating that the classification process was not completely flawless.
The Robson classification takes into account only part of the changes in the background variables of a parturient population: parity, previous CS, fetal presentation, number of fetuses and gestational age (term/pre-term). Maternal or fetal morbidity, or essential elements like maternal age or body mass index (BMI), are not incorporated in the classification limiting the extent of the conclusions that can be drawn from our study. However, the Nordic population is known to be rather homogenous in many of these aspects enhancing the usability of the Robson classification among our study population. Also, changes in maternal and neonatal morbidity have been moderate, except for BMI and age which need to be regarded as confounders (analyses only partially adjusted for age) (1, 25) .
Our study is an example of how the Robson classification offers an efficient tool to look at trends in CS rates. However, despite its straightforward appearances, the interpretation of a Robson analysis warrants cautiousness. The changes in the contributions of different parturient groups, which together constitute the total CS rate, can be communicated in one illustrative figure (Figure 2 ) offering a comprehensible way to look at the "big picture". Subsequently, this information needs to be completed by studying the individual Robson groups within the merged groups as well as the underlying changes in their relative sizes and CS rates (e.g. Table 2 and Figure 3 ).
The study of individual Robson groups is prone to misinterpretations when the changes within the parallel Robson groups (the groups within the same merged Robson group in our study) are not acknowledged: e.g. the impact of a decrease in the CS rate within R2a (induced labor) can only be evaluated by a concomitant study on the Robson groups R1 (spontaneous) and R2b (prelabor CS). In contrast, if the CS rate and the relative size of a single group are not studied, the possible underlying changes in obstetric care will be disregarded (e.g. stable absolute contribution but changes in the CS rate and size for R5 in Finland).
The present study did not relate the changes in CS rates to other maternal or neonatal outcomes. This was a deliberate choice: the aim in this first paper from NoRR collaboration was to provide an overview of time trends in CS rates and a general analysis of the main contributors to the changes in these rates. Our findings warrant further adjustments and correlation analysis to draw definite conclusions on the effect and magnitude of the stratified CS rates. Also, more sensitive analyses are needed to assess the possible causality between induction and CS rates.
Our study enforces the use of the Robson classification in facilitating benchmarking and targeting the efforts for improving the quality of obstetric care. The main contributors to the change in the total CS rate are relatively easy to comprehend by looking at the changes in the absolute contributions of the merged Robson groups. Their use highlighted how the Nordic countries are very similar in some aspects, and in which aspects they differ. With the low total CS rates in the Nordic countries, the stratified CS rate figures provided in our study offer benchmarks for other countries. 
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